Abstract. Nutrient cycling is a key ecosystem function whereby the processes of litter decomposition and N 12 release in the soil-plant interface are vitally important but still not clear in the alpine ecosystems. We carried out 13 a 3-year study to improve our understandings in nutrient cycle and develop strategies for restoring the degraded 14 grasslands on the Qinghai-Tibetan Plateau. We established the grazing (GP) and grazing exclusion paddocks 
Introduction

25
Qinghai-Tibetan Plateau represents an important eco-region in China (Wen et al., 2010) , where the alpine 26 grasslands cover more than 85% of total area and are regarded as the major natural pastures .
27
However, the ecosystems in this region have continuously suffered from severe degradation mainly driven by Black (Nelson and Sommers, 1996) . Briefly, a known weight of plant sample was treated with potassium 124 dichromate in the presence of concentrated sulfuric acid and digested at a low temperature (≈ 30°C ) for one hour.
125
The excess of potassium dichromate did not reduce the organic matter, as it was titrated back against a standard 126 solution of ferrous sulfate. The C was then calculated on the basis of the quantity of ferrous sulfate consumed 127 (Chen et al., 2016) . The total Kjeldahl nitrogen (N) and total phosphorus (P) were analyzed using a FIAstar 5000 128 flow injection analyzer (Foss Tecator, Högnä s, Sweden) (Chen et al., 2016) . We also calculated the ratios of C:N, 
Litter decomposition and N release
139
In this experiment, we carried out four treatments: (1) GP-GP, litter of all species was collected from and incubated 140 in the GP; (2) GEP-GEP, litter of all species was collected from and incubated in the GEP; (3) GP-GEP, litter of 141 all species was collected from the GP but incubated in the GEP; (4) GEP-GP, litter of all species were collected 142 from the GEP but incubated in the GP. The treatments 1 and 2 were referred as "in situ" incubation treatments.
143
The treatments 3 and 4 were across incubation treatments which were to improve our better understanding "home- 
145
For each sample soil particles attached to litter were cleaned off with a soft brush, and samples were air-dried 146 for three days. Dry litter collected from each quadrat were cut to ≈ 5 cm length and 10 g litter was packed into a 147 nylon litter-bag (15 cm × 20 cm with mesh size of 0.35 mm) (Cornelissen, 1996) , which may prevent any loss of 148 material and has no effect on litter decomposition (Cornelissen et al., 1999 (Fig. 2) . Data on the proportion of litter mass or N remaining ( Fig. 3-5) , litter 167 quality (content of organic carbon, nitrogen, phosphorous and so on) (Table 1) , and soil SOC, TN and TP ( Fig. 1) 168 were analyzed using ANOVA followed by least significant difference test (LSD test) for multiple comparisons.
169
The decay rate (k) of litter mass during the incubation period ( (Table   178 3 
185
Litter composition and quality and soil property
186
Fifty-five plant species (mostly forbs and graminoid grasses with several legumes and sedges) were identified, 187 and they presented in both GP and GEP, except the Gentiana macrophylla Pallas, which was only found in the 188 GP (Supplemental Table 1 ). However, even though the annual litter mass of unpalatable species in both GP and however, in the GEP, litter mass of palatable species was significantly greater than that of unpalatable species
194
(Paired-t test: t19 = 7.17, P < 0.0001) (Fig. 1 ).
195
As shown in Table 1 period required to achieve 50 % decomposition of litter mass was about 19 months in GP-litter, which was faster 211 than that in GP-GEP-litter (i.e., about 23 months) (Fig. 3 ).
212
As shown in Table 2 , the decomposition rate (k) of litter incubated in the GP was significantly higher than 213 that in the GEP (non-overlap of 83.4% CL), i.e., for the 'in situ' treatments k in GP-GP > k in GEP-GEP) and for 214 the across treatments k in GEP-GP > k GP-GEP. The final proportion of litter mass remaining was significantly 215 lower in GP-GP and GEP-GP than in GP-GEP (LSD test: LSD = 2.51, P < 0.0001) (Fig. 5a ). (Table 3) . Site environment contributed respectively near 229 25% and 50% more to litter decomposition and N release than did litter source (Table 3) . Furthermore, the model 230 predicts that GP resulted in significantly greater litter decomposition (8.13%) but significantly fewer N release 231 (9.73%) than did GEP (F1,8 = 62.48 and 57.49 for litter decomposition and N release, respectively; P < 0.0001).
232
Results show that litter collected from GEP decomposed significantly faster (2.5%) but released N significantly 233 slower (9.27%) than that collected from GP (F1,8 = 34.99 and 15.80 for litter decomposition and N release, 234 respectively; P < 0.01).
235
Significant interaction of site environment and litter source was found on litter decomposition (F2,8 = 7.10, 236 P = 0.0286), i.e., litter collected from GEP but incubated in GP decomposed significantly faster (also see Fig. 5a ).
237
However, interaction of site environment and litter source was not significant on N release (F2,8 = 2.76, P = 0.1350). grazing exclusion experiment will provide more confident proofs.
250
However, our results show that herbivore grazing significantly altered species composition in terms of 251 species abundance or palatability with significantly less palatable litter produced in the GP than in GEP (Fig. 1 ).
252
The low mass of palatable species may attribute to two causations. may be assumed that regardless of incubation site, litter collected from the GP will decompose faster than that 280 collected from GEP. It is true for the "in situ" incubation treatments, i.e., decomposition rate was significantly 281 greater in GP-GP than in GEP-GEP; however, for the across incubation treatments opposite results were found, 282
i.e., it was significantly greater in GEP-GP than in GP-GEP (Table 2 and Fig. 5a ). In fact the multivariate Moreover, Aerts (1997) suggests that litter chemistry is not a good predictor on litter decomposability in the cold 288 temperate region. Our experimental area locates 3,500 m above sea level with a typical alpine climate having a 289 mean annual temperature of 1.2°C and ranging from -10°C in January to 11.7°C in July.
290
Alternatively, for a given litter source (i.e., collected from GP or GEP) a greater decomposition rate might 291 be caused by the grazing herbivores when litter was incubated in GP (Table 2 and (Fig. 2c) ; however, grazing exclusion did not significantly modify soil proporty in terms of TN 303 and TP. The increase of SOC in GEP may be because grazing exclusion prevents the reduction of outflow of 304 palatable litter by the herbivores (Fig. 1) , and the organic C locked within plant tissues will be returned to the soil (Table 2 and Fig. 5a ). Therefore, during a relatively short period of time the soil property is unlikely significantly 310 changed through herbivore urine/dung deposition and may have less effect on litter decomposition under cool 311 environments on the Qinghai-Tibetan Plateau.
312
Our study site is a typical alpine meadow with a long and cold winter and spring (Supplemental Fig. 1 ).
313
Climate is the dominant factor regulating litter decomposition and nutrient cycling in such area, and the activity (Fig. 4) .
344
Based on the above knowledge, inverse patterns of litter decomposition and N release were found, i.e., the 345 greater litter decomposition rate was (Fig. 5a) , the lower N release rate became (Fig. 5b) 
